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analysis of & propeller is a complex and lahorious orocess, and
the anproxinate methods used in routine desism work are neces-
sarily inaccurase.

In this report a simole rclation is civen for detcrmining

whether aay proncller of standard Havy fom ig sufficiently

strong for ite partizsular operatins roguirameonts. The wmethod
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Apsroximate Stress Analyzis
Thyee mein tipes of fowncea act on vroueller tlades:
1. Sentrifupal “orccs,
2. Asroayneyric Tforces,
S. Gyrcsconic Torces.

Tre nctual siresces arve of & verv comolicatod nature, but
in routine cesimn work on s*zrda~d vrovellars onlvy the two
Lost impoveent necd De coasidersd:

1. TUniform tenslile sircss cuve %o ceatrifusal forces.
2. daximum tensile stress causced by bernding dus o
the 117t o7 the 2irfoil.

The stresses due to contrifupal force will considercd

first. The centrifusal

force

the propeller is representad by the equation C.5. = % w2 r,
o

where W 1s the weight of the partizlie, & %s *he accelera-
tion due to cravity, « is the angular velocity in radians per
second, and T is the distarce of the particle from the center
of rotution. If N eouvals tre rovcluticns per mirute, the an-
sular velocity w tecomes 4é;-3 and the sovation takes thc
form of 0.7. x i (BEEY

The propeller is divided into ctaticns usually smaced ei-
her 6 in. or 15 per cont R (*“io redias)'apart along the radius.
Considering sectiors 1 in. in radial length at each staticn,
the weight Vi, of cach section becomes W = Aw, where A is
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ths crome sectional crea of the sestion in gquare inchzs ard w
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centrifuml force of 2 =
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and the total centrifugal force at any station will te

ST, = /':L /8 T N
Geie = /) AT = f2—= Or
N IO

In nractice this integration ie performed granhically. Thre

trifural force :AL_;;l ic calculatced for cach seciion and

4+ - TN e . Tepd - - ] - 5 Ny g
at cecn giastion will Le represcntod by the arca under tae curT e

, e i a s o , v s ;
from thc tip radius of the -rormcller to the radius of the sta~—
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cnsile stress in coach soction is obtained oy Civid-

t-

int the <otal centrifugal foree for the ation ov the oo of

] . o.TF
the section, or 3i = =Z=2 |
v R
The @vove computatione for 2ll of the stniicns of o nrongl-

lor are converniently arranscd in Table I. The ¢taticns, tladc
wiltns o, oanld the umner cnd leower camhors oy oand hp nro
obtrircd from the propelicr layout or deciem. The areas of +he
various scctiones are then comnuted by moins of +hs “ormuls

e o 2 T SN - s P . . .
A = T.7% 0 L, where h is the total anximuam cambhor of

scction. This is an aonroximate formula vhich ie z2orrest +itain
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ractical limits for *he R.a.F. 6 {modifizd) airfoil section
P )

used in promellcr work.

N

The following is & culculation of the tensilc stress duc

to C.F. for tho 3-font station o
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108 Ar = 102 x 116.4 = 13,380 1ir. »ner in. radius.

~oT T I B . . .
4. 8y = Sie o L8950 (oanimetered) = 4140 1b./sq. in.
v A o.03 :

In bending, the nroveller acts as a cantilever beam. The

load on the beam is i2ken as tas 1ift of the airfoil only, no

-

other aerodynamic forces being considered. The load, then, is

proportional to p Cp AV®, vwhere p is “he denzity of the air

in masc units {(which may be taken as .00237), Cp 1is the abso-
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5
lute 1ift cocfficient of the airifcil. A ie the airroil 22y and
V is the velocity relative to ihe nnir. The blede is divided into
I-foot uniis.

C (v)°
. ‘s . . H (V.

The 1ift »er foot of radius is given by L = Jg—l&r~4~4~—-,

<
where b 1s the tlade width 1n feev, and Vy, Is the velocity
of the blade section with resmect to the air in feet rer sccond,

’ 2 < 2 2 T . s . . .
or (Vy)° = (V1)° + (i-eg j . VY iz the voloclty of the pleue
in fect ver sccond »nlus an emmirical inflow factor, or
Vvt =V (1+ :8), where & 1is tho slip.

The 1ift per unit radius L, 1is calculated for each sta-
tion and »lotted agairst the radius of the station in the coune
manncr °5 for centrifupnl force. This zives a load curve for
the »nroocller ae shovn in Figz. 2. Thce shear ot any noint is ~iven

R
by the cguotion Fg = f L dr, which is the area under the 1nad
T
curve and is found araphically. The valuces of Fg at each sio-
tion are ti.en plotieda in 1like wenner, givines 2 ghear curve (?ig. 3
FL

The bending moment 2t any poiant is M =/ S dr, which i ne
area undcr thc shenr curve. The wmaximum tensilc stress at

cach station is then calculated by means of the relation

ct

vhere I ie the least moment of iner

ia of the section and
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is the distonce from the ncutral axis to the outermost fiber on
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the working face. The ncoutral axis o

oment of
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tia runs through the c.z. of the section urd ig acesumed Dorallcl

to the cord o

0

to very slight errors. The positions cf the c.go.!

doudle comberced R.4.7.6 (modified) nairfoils are stown in

the ~irfoil. Tuls is not s<rictly true out

of sing

i

-

on O.S

n

Y
&._J




AT 4 N ~

YedoZoie Techniceal Zotce In.

~

The Zezet moment of inertic I ie glven anproximately by

f
p=p

I = .0472 0 1 for 2 einzle cusbered section, and

I=.0472%0 (X% + ) + -112 b 4y nap, (hy + hp)

fecr a couble cambered section.

Tne caleulations of B3 due to btending are shom for 21l

o]

of the etations of the rroncller in tie second part of Tadble I

For the 3-fcot sitation the celcouletions in detnil are g fol-

16 h = .41€ x .57 = .237 in.

4
= ,0472 b n® = 0472 X T.E5 x .57% = 087 in.*
0L

v L : ] F:’ - -
- - = - e/ SCCe
* 60 &0 PoneEE
2
8‘” I'IT\ - 5ENS = ZOT =90
5' ».C y - DU DSy
o0

. V' = 152.5 {1+ % 8, = 1I2.5 % 1.084 = 182.4 7t./scc.

- - = 7D ke) I’:\',\? — — ~ A ~
7. (X‘II') = <\,‘") + = b‘o——/ 26,270 + 302,800 = 528,000

3. b (ft.) = 7igb = .837 T+,

3. Cp = .510 (from design data).

or o (v.F - - \
B a 32.2 X 3

I .383

0

11.



-3

'vAJC.de Tecknical dote Wo. 239

Tre total stress for *he =ecction ig +he sum of the cenirif-
vgal ctreec and bending siress, or,

Total Sy = Sy (centy + S (beady = 4180 + R300 = 12,440 it./

wiea the fact tlet the dludes distort to some extent in
practice is added to the origincl couplex nature of tre Itresses,
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accuracy 2an o

1t wi?l readily be seen that no creat GeTrce o
exvecied Trom thids analysis. I+ doew, however, give comnorative

~

fimures. If a preopeller which is ¥nown to rave sufficient
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aralyzed for stresses, and +he

D

calculated stresses of similar nronellers do ant exceed the
maximvm celculated value of stress Tor the proven propel
they may alsc be comsidercd safe for rial flishts. Sincsz the
stretses In geometrically simiior propellors operating at *“lLe

game YV

/D vary in a certain Acfinide maurer, i.e., as thc

sguare of the tip soced, 1t is only nccessary tc keep below a

6]

predetermined tip speed to koop the strezces holow 3 ceriain

value. Waen the AR and CR arc waried, however, differcrt
valucs of the tip smeed are requirsd <o oroduce the same <tress.

An Equation for Detcermining delative Strencoth.

It was known from experience taot a 10-Toot oak nronclier
of low pitch having ar AR of 8 ani a CR of 1, could be
safely cperated on an airplene which *had an E.P.li. of 1730 2%
maximur horizontal speed. Since the etresses are lower faor oTo—

pellers of higher pitch all other factors rewaining consiant,
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the above case was taken a3 & conservative standard by which
t0 judme the sirength of other mroreliers. The stress was cal-
culated for the cace of the 10-Fuot nrovellcr of AR = 6 anad

CR =1 bv wmeans of tne gvsseor given in this report. Assuming

o)
',.J
-3
‘N
O

that the propeller turnc R.P.ie at the maximum horizontal

speed of the cirplane, the nichest strcss found was 32688 1b./

50 -1in.
To Tind ¢ reletion vetween CH, AR, ~ud tip specd (which
may be taken ¢g a constant times WD) for a constant value of

stress, cclculations were modc for several ztandard propellsr
having diifferent values of AR anad CR. The value of ID
then found at vhich the stress of 3268 1b./sq.in. was obtained
in each case. The results were plotted as shown in Figs. 4

and 5. Considering the curves as straight lince the following

very simple equation can be derived:

This is called *he "Constant Stress Termila" for 1f the
CR is of the correct value to just equal ihe right-hand side
of the equation, the maximum stress will be constant for all
standard Wavy oak propcllers. If the CR is larger than nec-
essary, the stresses will be lover; but if the CR 1is sneller
than that indicated «s necersary by the formula, the stresscs
w111l be hicher than the safe standard.

I+ sometimes hanyens that with a particular combination



N.A.C.A. Tocknical Kote No. 233
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of encine, cirnlonc, ond vropeller, vibrations occur wnich may
catuse thc orepelier to fall cven thoush calceculations indicate

that the strenzth is suffleient. This can »suvally ve Toretold

in a woedon promeller by exccssive flutter.
Jonclusions

Owvinz to the fact that even the most complete and pains-

taking propeller streas snalvees are ineccurcte hecausc of dis-

U

tortion #1d rnen-unifommity of mwiterial in wooden nroncilers, a

simcle relnticn such ag the ore de

L)
«Q

rived in tric note is cor-
sidercd a2 setisfactory strength check for wrepellers of similer
forme Its cimplicity ol cace of apniication malke it a usciul

tool in the hands of & yropcller desizncr.
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Toble I.

strcss Calcalations
for 10 It. Duraluiin Proncllcer.

LePode = 104 f.P.l. = 1750 S = .128

Ceatrifugel.

A(C.F.) . ;@ o (BN o ap oy 2108 /27 X 17507, 199 4
ar e T ATEeoy T Ee T T M8 AT

]
Radius, in. D 8 4“3 XS] 39 o4 18 12
Radius, ft. 4.5 4.0 5.5 4.0 2.5 2.0 1.5 1.0

t, inches 5.33 [ 5.22) 8.70) 7.€5; £€.02| 8.02 7.78 8.75

b

Areca, sg.iu. LHBET7 | 1.351 2.831 3.23) £.C1) 4.39 6.27 2.89

d (C.F.) 3305 | 7000110110 1125¢0115120 (12230 [ 12300 | 12800

Q
rxf
]
o’
@
[¥aN

20 1 3:€CT 7640 (13380112C50 {2€000 | 32300 | 38800

S, E 1b./eq.in. [ 1462 125¢0] 3425 4140) -860| £210 | 2150 | 3¢20
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—Max.camber = 1.0
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